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SI-1: Alternatives solvation cycle paths for the study of the transfer Gibbs free
energy of an infinitely dilute solute

We can also portray the alluded thought experiment, this time involving a three-step

solvation cycle-path for a single i -solute species, according to either the scheme of Figure SI-1

in terms of Da7"*® = "% - "' or Figure SI-2 in terms of Ben-Naim’s solvation quantities.
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For the first case, Figure SI-1 indicates that Dg’ - (/775"’Lk - /771,“'1G)+(/77l_°0’L~" - ”7,-0’16) =0 so

that
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Ag;(T,P)=(uf°’L" —ﬂf’L/)
= Tn(§7 [67") SI-1.1
k(s )
where H" (T ,P) and 7" (T ,P) define Henry’s law constant and corresponding fugacity

coefficient in the liquid phase for the ; - solute in the & -solvent environment, respectively.

Figure SI-2
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For the second case, the cycle in Figure SI-2 suggests that Dg;’BN + Dm;'Lf - Dmi*’Lk =0, where the

superscript BN denotes Ben-Naim’s solute transfer definition, [2] i.e.,

(

=kT|In(§, _

= k7| In(H5 /15 )= 1n(p; /) | SI-1.2
(
(

=kT| In

=kT|In(¢7 /p;) ~ —n(d7/p:

Thus, from Eqns. SI-1.1 and SI-L.2, we find that Dg”* (T, P) @ Dg. (T P)- kTIn( r?/ 1),
where @ highlights the fact that we assume a negligible pressure effect of the properties for the

change P— P, (T)
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SI-2: Determination of the standard Gibbs free energy of hydration of hydrogen
isotopes in light and/or heavy water

Here we calculate D G o, 0)(T,Po) from experimental data of DtrG(Dz)(T,IJO), and

hH, H,0

D.G” (0, 0)(T P) from experimental data of D G( )(T,Po), complemented with those for r
and 1‘1;20. For that purpose, we invoke the accurate data in Table VIII of Scharlin & Battino [3]

for DWG(*D ) (T,Po) and DWG(*H )(T,PO), as well as the corresponding solubilities in heavy water

from their Table I1l. Then, from A11 we calculate,

D,Gr (1, 0)(T P)= —kTIn(xDZ/mZZMWDZO)

= _298x8.314x107 |n(1.919 «10°° x 49.9)
=17.222kJ/ mol

Moreover, from Eqgns. (12)-(13) and Table VIII of Scharlin & Battino [3], we find

D,G;, (4. o)(T:P)=0,G} 15,0~ 0.5 —len(r’ o/ )
—kTIn(MWDZO/M HZO)
=17.222+0.597 - 298 x 8.314 x 107 x [ln(o.05514 x 20.027) -

In(0.05532 x 18.020) |
=17.565kJ/ mol

By the same procedure, and invoking D,G (11,0) =17.687 kJ/mol from Ref. [4], we find that

D,G;; 1) (T-B)=D,G5 1)+ D, Gy +ATIN( 75,/ 75 )
+ kTIn(MWDZO / Hzo)
=17.687 - 0.546 + 298 x 8,314 x 107 x [ln(o.05514x 20.027) -

In(0.05532 x 18.020) |
=17.394kJ/ mol

S3



References:

[1] A. Ben-Naim, Solvation Thermodynamics, Plenum Press, New York, 1987.

[2] A. Ben-Naim, Y. Marcus, Solvation Thermodynamics Of Nonionic Solutes, J. Chem. Phys.,
81 (1984) 2016-2027.

[3] P. Scharlin, R. Battino, Solubility of 13 Nonpolar Gases in Deuterium-Oxide at 15-Degrees-
C-45-Degrees-C and 101.325-Kpa - Thermodynamics of Transfer of Nonpolar Gases from
H20 to D20, J. Solution Chem., 21 (1992) 67-91.

[4] R. Fernandez-Prini, J.L. Alvarez, A.H. Harvey, Henry's constants and vapor-liquid
distribution constants for gaseous solutes in H20 and D20 at high temperatures, J. Phys.
Chem. Ref. Data, 32 (2003) 903-916.

S4



